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 SUMMARY
This study was initiated to quantify inputs of suspended
solids, nutrients, soluble cations, and metals in five subwater—
sheds of Hillman Creek; to relate the quantitative information
for these inputs to land use in the subwatersheds; and to present
remedial measures which would reduce the magnitude of these
inputs where necessary.
Two land uses, i.e., predominantly rural housing and
agriculture, were selected by the location of five sampling sites
on the west branch of the Hillman Creek. The monitoring at these
sites occurred from April 4, 1975 to March 10, 1976. The concen-
trations of the various parameters and discharge were determined
periodically throughout the year and during rain and snow-melt
events. Stream load and annual subwatershed loss were calculated
from the concentration and discharge data at each site and
statistical comparisons were made to determine significant inputs
attributable to the land use.
Suspended solids concentration, annual stream load and
watershed loss increased as drainage area increased but could not
be related to land use. Soil loss ranged from 253 to 943 kg/ha/yr
with the major portion (77-95%) of the solids transported during
the hydrologically active period from January to March. The
establishment of fall cover crops and grassed buffer zones along
the drainage channel may reduce overland transport of solids but
the average farm size in this watershed is 17 ha and the benefit/
cost of permanent grassed buffer zones on productive land would
need assessment.
Nitrogen loss for this watershed was similar at each samplin
site and averaged 54 kg/ha/yr. A considerable proportion (63-81%?
of the total—N loss occurred during spring runoff and N0 -N
comprised 80-94% of the total-N discharged. Nitrogen loés could
not be related to current fertilizer use as little N0 -N was lost
during the cropping season. This relates to increase
utilization through crop growth and insufficient precipitation
for
lea
chi
ng
of
soil
min
era
liz
ed
and
fer
til
ize
r a
ppl
ied
nit
rog
en.
The N03-N concentration seldom exceeded 10 mg/l and this only
 
 at the farthest downstream sites and during high runoff.
No point source for nitrOgen input was found in the water-
shed. Nitrogen in the drainage system could have originated
from mineralized soil nitrogen due to cultivation or from past
fertilizer use. Eighty three percent of the watershed is intensively
far
med
and
cul
tiv
ati
on
and
fer
til
ize
r u
se
are
ess
ent
ial
for
max
imu
m
production. I
Phosphorus in Hillman Creek appeared to be significantly
influenced by rural housing. Total-P and P0 -P concentrations and
numbers of biological indicator organisms weﬁe significantly increased
at sampling locations downstream of rural housing areas and the fecal
coliform/fecal streptococci ratio was>’0.7 suggestive of domestic
input. Unit area losses for the agricultural and rural housing
subwatersheds were 2.23 and 2.86 kg total-P/ha,and 0.58 and 0.83 kg
P04—P/ha respectively.
The quantity of P0 -P contributed by rural housing (assuming
all of the P0 -P from these areas arose from housing) amounted to
63% of the total load (932 kg P0 —P/yr) discharged from the study
area. The average amount of ortﬁophosphate dischargedfrom each
house in the watershed was estimated at 5 9 P0 -P/house/day. Rural
housing may only be responsible for part of thg P0 -P from these
areas due to the presence of interSpersed agriculture.
Assuming agriculture only contributed 0.58 kg P04-P/ha/yr to the
load from rural housing areas then housing would constitute 27%
of the total P0 -P load transported from the study area and the
average contribﬁtion from each house would be reduced to 2 g P04-P/
house/day. These estimates probably represent the extremes for
the average contribution from housing. The magnitude of phosphorus
losses for the agricultural and housing subwatersheds would vary
seasonally and between watersheds but the results demonstrate that
for some watersheds domestic input of phosphorous to the drainage
system is significant and needs to be more adequately identified
and quantified in order for remedial measures to be effective.
Total-P and P0 -P losses from all sources in the total study area
(1295 ha) were respectively 2.57 and 0.72 kg/ha/yr.
Soluble cations and metals were either derived from geologic
weathering or precipitation. The use of limestone as a soil
additive near the source of the creek contributed significantly to
the Ca stream load but lime use in the lower reaches of the study
area did not. Calcium loss could be reduced by regulating applica-
tion near the creek or on tiled fields although the importance of
this cation as a pollutant needs to be assessed. Cadmium, Cr. and ]
Pb concentrations were below the detection limit of 0.6, 2. and ’
 
11 ug/l respectively. Detectable concentrations of Cu, Fe, and
Zn were found at all sites and at all sampling periods but concen-
trations did not exceed the Ontario Water Quality guidelines for
irrigated use. Copper and Fe tranSport occurred on the su5pended
solids while Zn was transported as the soluble species.
 
INTRODUCTION
The Hillman Creek watershed is representative of many
intensively farmed regions in Ontario where the land use and
sandy soil favor a high pollution potential. The extensive
use of fertilizers and intensive crop management necessary
for crap production could lead to nutrient enrichment of the
drainage system. This study was initiated to quantify the
suspended solids, nitrogen and phosphorus forms. soluble cations,
and metals at selected sites in Hillman Creek; to relate the
results to land use. i.e.. predominantly rural housing and
agriculture; and to locate point sources in the area, Hater-
shed losses and the monthly distribution of these parameters
were calculated for the various subwatersheds. Additional
water samples were collected for analysis of biological indicator
organisms. i.e.. total and fecal colifonms, and fecal streptococci.
contributed by housing and domestic animals.
For the purpose of this report. pollution refers to the
introduction of an element added by. or produced as a result
of man's activity at levels above those naturally found which
may render the water quality unusable for the desired activity.
This report is not intended to determine whether or not the
parameters measured constitute pollutants which may limit the
water for a particular water quality standard or use but rather
to report results and suggest remedial measures which may reduce
nputs.
WATERSHED DESCRIPTION
The Hillman Creek watershed is located 1.5 km north of the o
town of Leamington in Essex County in southwestern Ontario at 42
05' latitude and 82°35' ongitude. The west branch of the Hillman
Creek encompassing 13 k was selected as the sanpling area. The
area is intensively farmed and agriculture constitutes the primary
(83%) land use with runoff entering Hillman Creek along Highways
77 and 3. Approximately 75% of the watershed is drained through
municipal drains or ditches while the remainder of the runoff »
enters natural water courses. Horticultural crops (potatoes.
tomatoes. beans. and sweetcorn). field (small grains, corn. soybeans.
and tobacco), and orchard crops constitute the main agricultural
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con
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10x
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e
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.
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en
ty
ml
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5%
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um
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ra
te
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d
2
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s
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p-
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l
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ca
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r
wa
s
ad
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d
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d
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e
sa
mp
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st
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pH
6
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'
= 1
:2
NH
OH
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rt
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.
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e
wa
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r
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d
wi
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2
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h
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e
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Th
e
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e
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s
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e
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d
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e
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e
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d
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r
se
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ra
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r
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n.
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e
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c
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as
e
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s
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d
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d
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n
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d
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e
re
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g
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s
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e
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sc
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d.
Th
e
st
em
of
th
e
sep
ara
tio
n
fun
nel
was
dri
ed
wit
h
a f
ilt
er
pap
er
and
the
org
ani
c
 phase diluted to 10 ml and analyzed by atomic absorption spectro-
photometry. Organic standards were prepared by adding metal of
known concentration to 100 ml deionized water and extracting as
indicated for samples.
Chromium was determined on a separate 100 ml aliquot of water
which was acidified (pH 2) with HNO and treated with H O to reduce
Cr to the trivalent form. The sample was brought to a Eogl on a hot
plate to remove the H O . cooled, 20 ml 5% ammonium tartrate added.
and adjusted to pH 6 i h NH OH or tartaric acid. Ten ml acetyl—
acetone was added and the sample was refluxed 20 min. cooled and the
Cr-acetylacetonate extractedwith 8 ml n:butylacetate, diluted to
10 ml and analyzed by atomic absorption. The concentration was
determined from standards prepared similarly in deionized water.
Biological indicator organisms were determined by the membrane
filter count by the Windsor Health Unit. Ontario Ministry of Health.
An intensive inter—laboratory quality control program on
duplicate samples provided verification of results and laboratory
tec
hni
que
for
the
par
ame
ter
s s
tud
ied
.
In
man
y c
ase
s m
eth
odo
log
y
dif
fer
ed
but
onl
y r
esu
lts
whi
ch
agr
eed
or
cou
ld
be
exp
lai
ned
by
differences in analytical methodology are reported.
DATA ANALYSIS
The
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eam
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h p
ara
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at
eac
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ite
was
cal
cul
ate
d
as
the
pro
duc
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f t
he
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cha
rge
and
con
cen
tra
tio
n.
The
ann
ual
los
s
from the watershed was found by the following equation:
L = ({QCF)/A
L =
the
ann
ual
wat
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hed
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s (
kg
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g/h
a),
Q =
mon
thl
y m
ean
dis
-
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r e
m /
sec
).
C =
mon
thl
y a
ver
age
par
ame
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con
cen
tra
tio
n
(mg
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ug/
l?.
A =
are
a d
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(ha
),
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F =
con
ver
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n
fac
tor
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n d
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.
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) p
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roa
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t f
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n s
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e
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.
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re
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e
dr
ai
na
ge
bo
un
da
ri
es
fo
r
su
bw
at
er
sh
ed
s
we
re
de
li
ne
at
ed
fr
om
a
to
po
gr
ap
hi
ca
l
ma
p.
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e
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y
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st
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h p
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he
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n
for
the
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n
a
'
l
y
s
e
s
d
e
t
e
r
m
i
n
e
d
i
n
t
h
a
t
m
o
n
t
h
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 EXPERIMENTAL RESULTS
The total sampling area amounted to 1295.3 ha of the west
branch of the Hillman Creek and constituted a subwatershed of the
2070 ha monitored by the Ontario Ministry of the Environment
(Ag—13, Figure l). The study area, i.e., that area upstream of
sampling site A (Figure 1), was subdivided into five
subwatersheds by the location of four sampling sites. Thus the
monitoring network at the five locations, i.e., sites A-E, each
provided a separate estimate of the unit area loss for the total
drainage area assuming no change in pollutant sources between
sites. For example, the stream load for each parameter at the
site downstream of highway 3 (site A) reflects input from 1295.3
ha (Table 1) while the load at the site upstream of highway 3
reflects input from 1253.0 ha. If the unit area loss for a
particular parameter, e.g., phosphorus, were independent of the
land use along highway 3 (42.3 ha between sites A and B) the
stream load at the two sites would have similar unit area losses
and be proportional to the area drained. An increase in unit
'area loss for the downstream site would reflect a pollutant source
between the two sites over which the increase occurred.
The five sites within the watershed (sites A-E) were located
to differentiate inputs from rural housing along highways 3 and
77 (sites A-B and 0-0 respectively) and on the tributary (site E)
from the more agricultural portions of the watershed, i.e.,
upstream of highway 77 (site 0) and between the two highways
[sites B-(C+E)]. The three rural housing subwatersheds had
housing densities of 19, 31 and 33 houses/km2 within 115.3, 42.3
and-549.4 ha (Table 1) while the agricultural subwatersheds had
15 and 13 houses/kmz in 246.2 and 342.1 ha (Table l). The soil
and element losses reported in the tables for each parameter
reflect the contribution from the total drainage area at that
site, e.g., site A, 1295.3 ha; site B 1253.0 ha, etc., unless
othenwise noted. Where statistical differences in unit area
losses were noted between sites for each of the total drainage
areas the unit area loss from the land use between sites was
calculated, e.g., rural housing around highway 3, (load at A —
load at B)/42.3 ha; agriculture between highways 3 and 77,
[load at B — load at (C+E)]/342.l ha; etc.
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 Table 1. Area drained at each sampling site and between sampling
sites and accompanying housing densities for the Hillman
Creek watershed.
 
Sampling Location Area drained Housing density
Total _ Between sites Total Between sites
ha houses/km2
Downstream hwy 3 (A) 1295.3 42.3 23 31
Upstream hwy 3 (B) 1253.0 342.1 23 13
Downstream hwy 77 (C) 361.5 115.3 16 19
Upstreamhwy 77 (D) 246.2 246.2 15 15
Tributary between
hwy 3 and 77 (E) 549.4 549.4 33 33
 
 SUSPENDED SOLIDS
Average
discharge
and
suspended
solids
concentration,
and
annual
stream
load
and
soil
loss
are
presented
in
table
2.
As
the
distance
from
the
stream
source
increased
discharge
and
suspended
solids
concentration
increased.
The
site
upstream
of
highway
77
(gite
D)
was
nearest
the
source
and
had
the
lowest
discharge
(0.06
m
/sec)
and
suspended
solids
concentration
(18
mg/l)
while
the
downstream
site
at
highway
3
(sitg
A)
at
7.5
km
from
the
source
had
the
highest
discharge
(0.25
m
/sec)
and
suspended
solids
concentration
(40
mg/l).
The
additional
area
drained
by
the
site
downstream
of
highway
77
(site
C)
was
smaller
(115
ha)
than
that
upstream
of
the
highway
(246
ha)
but
contributed
as
much
to
the
discharge
as
the
upstream
site.
This
site
is
downstream
of
a
rural
housing
area
along
highway
77
and
the
increased
discharge
is
attributed
to
the
interception
of
runoff
from
the
roadside
drains.
The
tributary
which
entered
the
main
branch
between
highways
3
and
77
(site
E)
discharged
as
much
water
(0.15
m3/sec)
and
had
a
higher
suspended
solids
concentration
(32
mg/l)
than
that
contributed
by
the
area
above
the
tributary
(site
C,
0.12
m3/sec
and
19
mg/l
respectively).
There
appeared
to
be
little
contribution
to
the
discharge
and
suspended
solids
concen-
tration
from
agriculture
between
highways
3
and
77
if
the
input
from
the
tributary
is
considered.
Runoff
from
highway
3
did
not
add
significantly
to
the
stream
discharge
or
suspended
solids
concentration
(Table
2),
however,
as
will
be
discussed
later,
the
.soil
loss
from
the
42
ha
represented
was
considerable
(ll
t/ha
vs
‘1
t/ha
from
the
other
sites).
This
finding
puts
considerable
question
on
the
use
of
concentration
data
alone
fbr
determining
inputs
attributable
to
a
land
use.
The
suspended
solids
load
carried
by the
creek
increased
as
discharge
increased and was
significantly
correlated
to
area
drained
(r = 0.82).
The
area
yield
of soil
at each
site,
although
statistically not significant, increased from 253 to 943 kg/ha/yr
suggesting that stream load increased disproportionately to the
area.
The
largest
increase
in stream
load
appeared
to
occur
in
the-area around highway 3, i.e., between sites A and B.
This
area constituted the smallest subwatershed (42.3 ha) in the study
area but yielded 454 t soil/yr whereas the tributary which drained
the largest area (549.4 ha) yielded only 167 t soil/yr.
Both
subwatersheds had similar housing densities
(31
and 33 houses/km?)
and were classed as representing rural housing land use.
Soil
loss from the agricultural subwatersheds upstream of highway 77
(246.2 ha) and between highways 3 and 77 (342.1 ha) amounted to
62 and 448 t soil/ha/yr respectively.
Unit area soil loss around
highway 3 and between highways 3 and 77 were considerable (10.7
and 1.3 t/ha) compared to those areas near the stream source
(0.3 t/ha). Part of this increase could be due to the increased
discharge of the creek and hence more energy for stream erosion.
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From these results it appears evident that soil loss was
 
more related to management factors near the stream ratherthan togpneral
13nd usea i.e., agriculture or rural housing. Examination of
the study area revealed that greater sl0pe gradients to the
drainage channel, smaller grass borders between the creek and the
adjoining fields, sparse vegetation at bends in the creek, and
the practice of constructing temporary ditches through the fields
to quickly remove excess water during spring runoff where
characteristic of the high sediment yielding subwatersheds. Lower
sediment yielding subwatersheds were characterized by lower slope
gradients to the drainage channel, fewer sharp bends in the stream
channel, and wider grass covered areas along the watercourse.
The unit area loss of soil from the total watershed in this
study (943 kg/ha) compared favorably with that calculated by the
author from loading data supplied by the Ontario Ministry of the
Environment (674 kg/ha).
The monthly suspended solids load, precipitation, and
discharge at the site downstream of highway 3 (site A) are
presented in figure 2. Monthly patterns for the other sites were
similar but differed in magnitude. The majority of suspended
solids transported by Hillman Creek was primarily removed during
the spring thaw in February-March, however, an increase in
sus
pen
ded
sol
ids
loa
d w
as
obs
erv
ed
in
Sep
tem
ber
fol
low
ing
a h
igh
intensity (9.3 cm), short duration (3 h ) thunderstonn on August
‘29. During the spring thaw when ground cover was sparse 77-95%
of
the
ann
ual
sus
pen
ded
sol
ids
loa
d w
as
rem
ove
d.
Oln
ess
et
al.
(l9
75)
rep
ort
ed
tha
t w
ith
spa
rse
gro
und
cov
er
up
to
50%
of
the
ann
ual
sed
ime
nt
loss
may
occ
ur
dur
ing
a f
ew
eve
nts
.
The
sus
pen
ded
solids load for this study is probably overestimated for the
spring thaw because sample concentrations and discharge were
determined at peak flows which were never sustained longer than
24
hou
rs
for
any
one
eve
nt.
Nev
ert
hel
ess
sub
sta
nti
al
amo
unt
s o
f
mat
eri
al
wer
e t
ran
spo
rte
d d
uri
ng
thi
s p
eri
od.
Flo
odi
ng
was
obs
erv
ed
in
the
imm
edi
ate
vic
ini
ty
of
the
cre
ek
dur
ing
the
maj
or
runoff butdid not extend beyond l50 m of the creek. Discharge
exc
eed
ed
pre
cip
ita
tio
n d
uri
ng
the
spr
ing
tha
w d
ue
to
sno
w-m
elt
fro
m t
he
win
ter
acc
umu
lat
ion
.
The
maj
or
par
t o
f t
he
sus
pen
ded
sol
ids
, n
utr
ien
ts,
sol
ubl
e c
ati
ons
and
met
als
tra
nsp
ort
ed
fro
m t
he
stu
dy
are
a o
ccu
rre
d d
uri
ng
the
spr
ing
tha
w w
hic
h l
ast
ed
abo
ut
six
weeks in this hydrologic year.
Th
e
su
sp
en
de
d
so
li
ds
co
nc
en
tr
at
io
n
wa
s
co
rr
el
at
ed
po
si
ti
ve
ly
wit
h
dis
cha
rge
.
The
inc
rea
se
in
con
cen
tra
tio
n w
ith
inc
rea
sin
g
dis
cha
rge
ref
lec
ts
a n
on-
poi
nt
sou
rce
whi
ch
is
pro
bab
ly
der
ive
d
fro
m e
ros
ion
of
the
str
eam
cha
nne
l
alt
hou
gh
sub
sta
nti
al
ove
rla
nd
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Figure 2. Monthly suspended solids load, precipitation, and discharge at the site downstream of highway 3 on
Hillman Creek.
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The
ave
rag
e
nit
rog
en
con
cen
tra
tio
n
and
ann
ual
str
eam
loa
d
and
wat
ers
hed
los
s a
re
pre
sen
ted
in
tab
le
3.
The
tot
al-
N a
nd
N0
3-
N
co
nc
en
tr
at
io
n
in
Hi
ll
ma
n
Cr
ee
k
di
d
no
t
di
ff
er
si
gn
if
ic
an
tl
y
bet
wee
n
any
of
the
sit
es
but
wer
e
sli
ght
ly
hig
her
at
the
sit
es
far
the
st
fro
m
the
sou
rce
.
The
con
cen
tra
tio
n
of
tot
al—
N
and
N03
-N
for
the
tri
but
ary
(7.
3
and
6.5
mg/
l
res
p.)
was
sli
ght
ly
hig
her
tha
n
tha
t
fou
nd
els
ewh
ere
in
the
cre
ek
and
the
tri
but
ary
app
ear
ed
to
be
the
mai
n c
ont
rib
uto
r t
o t
he
inc
rea
sed
con
cen
tra
tio
n
at
the
sit
e u
pst
rea
m o
f h
igh
way
3.
The
dra
ina
ge
are
a f
or
the
tri
but
ary
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ve
sta
tio
n E
rec
eiv
ed
inp
uts
fro
m r
ura
l h
ous
ing
and
agr
icu
ltu
re,
how
eve
r
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wil
l b
e s
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n l
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r,
rur
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sin
g o
n t
he
tri
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app
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ed
to
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uts
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The
tot
al—
N a
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N03
—N
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en
tr
at
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ed
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On
ta
ri
o
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te
r
qu
al
it
y
st
an
da
rd
of
10
mg/
l
(An
ony
mou
s,
l96
7)
in
l0%
of
the
sam
ple
s
col
lec
ted
at
sites A and 8 (Appendix I).
Th
e
to
ta
l-
N
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d
N0
—N
lo
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d
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e
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ee
k
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se
d
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at
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y
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ra
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e
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ab
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at
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the
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re
pr
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te
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d
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s
co
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id
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ed
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th
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)
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r
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r
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r
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n
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d
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)
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d
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.
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t
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N
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t
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e
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e
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.
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Tabl
e 3.
Averag
e nitr
ogen c
oncent
ration
at e
loss for
Hillman C
reek, 197
5-1976.
ach site
and annua
l stream
load and
watershed
_/
 
Samp
ling
loca
tion
Concen
tratio
n
Stream
loa
d
Watershed loss
 
Tot
al-
N
NOB
-N
 
Tota
-N Tot
al-
N 3-N
 
Downst
ream o
f
highway 3
Ups
tre
am
of
high
way
3
Dow
nst
rea
m o
f
highw
ay 77
Ups
tre
am
of
highw
ay 7
7
Tributary
betwgen
hwy 3 and 77__/
-
-
-
m
g
/
1
-
-
-
7.0
a
7.2 a
5.8 a
6.1 a
7.3
*
5.4 a
5.4 a
4.0 a
3.9
a
6.
5
73
a
71 a
24 b
11 b
24
__t/yr
......
-
69
a
66 a
19 b
10 b
21
-------kg/ha/yr--——---
5
7
b
56
b
6
6
a
46 a b
4
3
53 a
52 a
53
a
40 a
3
8
ALData
log10
transf
ormed
prior
to sta
tistic
al ana
lysis
to pro
vide m
ore se
nsitiv
e test
g{Mea
ns no
t co
mpare
d in
t-tes
ts du
e to
insuf
ficie
nt da
ta
* Mean
values
with s
imilar
letter
s did
not di
ffer s
ignifi
cantly
at P=0
.05
 Agricultural
production has been practiced in this watershed
for over
l00 years
and the
losses
could
reflect inputs
from previous
years
activities.
One such source is mineralization of soil
organic
nitrogen brought about by cultivation which is essential to crop
production in this watershed.
Keeney and Bremner (l964) determined
that l7-57% of the nitrogen in
soil organic matter may be released
by cultivation while others
(Keeney and Gardner, 1968;
Reinhorn
and Avnimelech,
1974) have shown that degraded organic matter
could contribute up to four times more N03-N in drainage systems
than that from fertilizer.
The following example illustrates the
significance cultivation could have on nitrogen release fran
organic matter.
The average N content of soils in Ontario ranges
fran 300 to 3200 ug N/g soil (Sowden, l977). If 10% of the 300 ug
N/g were mineralized annually, 39 kg N/ha would be released from
the 0-8 cm depth (bulk density l.63 g/cm3). The mineralized
nitrogen would be available for leaching during periods of exces-
sive precipitation, e.g., spring thaw. Precipitation may also
contribute significantly to N input (Olness et al., l975) and
36 kg N/ha/yr has been estimated from this source for the Hillman
Creek watershed (Sanderson, 1977). Thus it can be seen that the
major source of nitrogen in the drainage system cannot easily be
determined.
The monthly stream loads show that the bulk of the nitrogen
(70%) transported from the watershed occurred during the Jan -
March period (Figure 3). The figure also shows that NO -N made
. up a greater proportion of the total—N during periods a; high
discharge indicating its susceptibility to leaching. Soil de—
nitrification may be more rapid at low discharge periods due to
the higher temperatures which occurred during the summer months
(Kowalenko, l978) or increased crop uptake and low rainfall may
have reduced leaching (Cameron, Kowalenko and Ivarson, 1978).
PHOSPHORUS
Four phosphorus fonns (total-P, particulate-P, P04-P, and
dissolved unreactive-P) were measured in the Hillman Creek study.
Table 4 presents the average phosphorus concentrations found at
each site. The concentration of all the phosphorus forms
increased as discharge increased and as the drainage area
increased. Total-P was significantly increased from 0.09 to
0.23 mg/l between sites C and B (Figure l) with the increase
attributed to the tributary which had a concentration of 0.32
mg/l. Phosphorus concentration of all four fonns was highest on
the tributary. Rural housing along highway 77 may have been
responsible for the significant increase in P04—P concentrations
from 0.023 to 0.032 mg/l but particulate-P, or DU-P concentration
19
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Figure 3. Monthly totaI—and N03—N load, precipitation, and discharge at the’site downstream of highway 3 on
Hillman Creek.
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Table 4. Average concentration of various phosphoru forms at
selected sites in Hillman Creek. 1975-1976_/
Sampling location Total-P Particulate-P DU—Pg/ P04-P
----------------mg/l---—-----—--—------—---
Downstream of *
hig
hwa
y 3
0.2
4 a
0.0
9 a
0.0
36
a 0
.11
5 a
Upstream of
highway 3 0.23 a 0.09 a 0.034 ab 0.113 a
Downstream of
hig
hwa
y 7
7
0.0
9 b
0.0
5 b
0.0
20
be
0.0
32
b
Upstream of
hig
hwa
y 7
7
0.0
7 c
<10
.03
b
<0.
012
c <
0.0
23
c
Tributary between
hwy
3 a
nd
773
/
0.3
2
0.0
9
0.0
42
0.2
04
 
l/
Da
ta
lo
g
tr
an
sf
or
me
d
pr
io
r
to
st
at
is
ti
ca
l
an
al
ys
is
to
pr
ov
id
e
more sen;?tive test
gl
Di
ss
ol
ve
d
un
re
ac
ti
ve
-P
(D
U-
P)
é/
Me
an
s
no
t
co
mp
ar
ed
in
t—
te
st
due
to
in
su
ff
ic
ie
nt
da
ta
*
Me
an
va
lu
es
wi
th
si
mi
la
r
le
tt
er
s
di
d
no
t
di
ff
er
si
gn
if
ic
an
tl
y
at
P = 0.05
 
 wa
s
no
t
in
cr
ea
se
d.
Th
e
pr
ed
om
in
an
tl
y
ag
ri
cu
lt
ur
al
ar
ea
at
the
si
te
up
st
re
am
of
hi
gh
wa
y
77
ha
d
co
ns
is
te
nt
ly
lo
w
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
wi
th
60
%
of
th
e
sa
les
at
or
be
lo
w
th
e
de
te
ct
io
n
li
mi
t
of
0.
01
5m
g/
l
(Appendix table 1—4 .
Th
e
an
nua
l
st
re
am
lo
ad
of
ph
os
ph
or
us
in
cr
ea
se
d
wi
th
ar
ea
bu
t
the
inc
rea
se
was
not
pro
por
tio
nal
to
the
are
a
dra
ine
d a
s
ref
lec
ted
by
the
dif
fer
ent
uni
t
are
a
los
ses
for
tot
al—
P
and
P0
-P
at
eac
h
sit
e
(Ta
ble
5).
Uni
t
are
a
los
s
of
tot
al-
P
inc
rea
sed
fro
m 0
.96
to
2.5
7
kg/
ha
fro
m
the
sit
e
ups
tre
am
of
hig
hwa
y
77
(si
te
D)
to
the
sit
e
dow
nst
rea
m
of
hig
hwa
y
3
(si
te
A).
Ort
hop
hos
pha
te
los
s
inc
rea
sed
sim
ila
rly
but
lo
ss
of
pa
rt
ic
ul
at
e-
P
an
d
di
ss
ol
ve
d
un
re
ac
ti
ve
-P
we
res
im
il
ar
be
tw
ee
n
sites. Particulate-P was the major form lost from the total water-
she
d (
69%
of
tot
al-
P l
ost
. T
abl
e 6
) b
ut
fro
m t
he
con
cen
tra
tio
n d
ata
(Table 4) and unit area loss calculations, P0 -P appeared to be the
spe
cie
s e
nte
rin
g t
he
cre
ek
in
dis
pro
por
tio
nat
é q
uan
tit
ies
to
the
drainage area.
Rur
al
sep
tic
sys
tem
s i
n s
ome
agr
ono
mic
wat
ers
hed
s h
ave
bee
n
sho
wn
to
con
tri
but
e s
ign
ifi
can
tl
to
mea
sur
ed
pho
sph
oru
s l
oss
es
(Jo
nes
. S
mec
k,
and
Wil
din
g,
197
7 .
In
thi
s s
tud
y t
he
loc
ati
on
of
sam
pli
ng
sit
es
per
mit
ted
a p
art
ial
sep
ara
tio
n o
f i
npu
ts
fro
m r
ural
hou
sin
g a
nd
agr
icu
ltu
ral
are
as.
Mag
dof
f e
t a
l.
(197
4)
ind
ica
ted
tha
t o
rth
oph
osp
hat
e a
cco
unt
s f
or
85%
of
the
tot
al-
P i
n d
ome
sti
c
sep
tic
inf
lue
nt.
thu
s,
if
sep
tic
sys
tem
s s
ign
ifi
can
tly
con
tri
but
e
pho
sph
oru
s t
o t
he
Hil
lma
n C
ree
k t
his
may
be
ref
lec
ted
in
the
pro
por
-
tio
n o
f P
0 —
P t
o t
ota
l-P
.
Tab
le
6 e
xpr
ess
es
the
thr
ee
for
ms
of
pho
sph
oru
s (
par
tic
ula
te-
P.
dis
sol
ved
unr
eac
tiv
e-P
, a
nd
P0
-P)
as
a p
erc
ent
of
tot
al-
P.
As
not
ed
P0
-P
fro
m t
he
are
a d
rgi
ngd
by
the
tri
but
ary
, w
hic
h h
ad
a h
ous
ing
den
git
y o
f 3
3 h
ous
es/
km
, ma
de
up
53%
of
the
tot
al-
P d
isc
har
ged
whi
le
Ort
hop
hos
pha
te
at
the
oth
er
sit
es
com
pri
sed
29%
of
the
tot
al-
P.
The
hig
her
pro
por
tio
n o
f P
04—
P
on
the
tri
but
ary
rel
ati
ve
to
the
res
t o
f t
he
wat
ers
hed
sug
ges
ts
dom
est
ic
inp
ut
fro
m r
ura
l h
ous
ing
,in
thi
s a
rea
.
Par
tic
ula
te-
P
acc
oun
ted
for
62%
of
the
tot
al-
P a
t t
he
mor
e a
gri
cul
tur
al
sit
es
in
the
wat
ers
hed
(si
te
D)
and
the
abs
enc
e o
f a
n i
ncr
eas
e i
n t
he
prop
orti
on o
f P0
-P a
t si
tes
down
stre
am o
f ru
ral
hous
ing
area
s on
the
main
bran
ch (
e.g.
.sit
e C)
of t
he c
reek
may
be d
ue t
o di
luti
on
from
upst
ream
area
s.
Hous
ing
dens
ity
alon
g hi
ghwa
y 77
was
simi
lar
to t
hat
for
the
agri
cult
ural
area
s co
nseq
uent
ly t
he a
moun
t of
P047
P
con
tri
but
ed
by
thi
s a
rea
may
be
mas
ked
by
the
agr
icu
ltu
ral
inp
ut.
Gel
dre
ich
(196
7)
dev
elo
ped
rel
ati
ons
hip
s b
etw
een
pop
ula
tio
ns
of biological indicator organisms in the water to differentiate
between pollution in streams from domestic and animal sources. In
thi
s s
tud
y w
ate
r s
amp
les
for
bio
log
ica
l i
ndi
cat
or
org
ani
sms
wer
e
col
lec
ted
at
eac
h s
ite
at
the
sam
e t
ime
as
nut
rie
nt
sam
ple
s a
nd
the
22
Ta
b
i
e
8
.
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n
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r
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p
h
O
S
p
h
o
r
u
s
f
o
r
H
i
i
l
m
a
n
C
r
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p
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r
t
i
c
u
l
a
t
e
—
P
D
u
-
P
Z
/
P
0
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r
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u
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p
g
/
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0
4
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k
g
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y
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-
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—
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—
-
D
o
w
n
s
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r
e
a
m
o
f
*
h
i
g
h
w
a
y
3
3
3
3
2
a
2
2
9
5
a
1
4
6
a
b
9
3
2
a
2
.
5
7
a
1
.
7
7
a
v
0
.
1
1
2
a
0
.
7
2
a
U
p
s
t
r
e
a
m
o
f
h
i
g
h
w
a
y
3
2
5
1
0
a
1
3
8
0
a
2
5
3
a
8
8
5
a
2
.
0
0
a
1
.
1
0
a
0
.
2
0
2
a
0
.
7
1
a
D
o
w
n
s
t
r
e
a
m
o
f
h
i
g
h
w
a
y
7
7
5
8
4
b
3
6
0
b
8
0
b
1
5
3
b
1
.
6
2
a
b
1
.
0
0
a
0
.
2
2
1
a
0
.
4
2
a
b
U
p
s
t
r
e
a
m
o
f
h
i
g
h
w
a
y
7
7
2
3
7
c
<
1
4
6
c
‘
3
5
b
t~
61
c
0
.
9
6
b
‘
0
.
5
9
a
<
0
.
1
4
2
a
4
0
.
2
5
b
T
r
i
b
ut
a
r
y
be
tw
ee
n
h
w
y
3
a
n
d
7
7
8
5
0
3
3
9
6
6
4
5
1
1
.
5
5
0
.
6
2
0
.
1
2
0
.
8
2
l
/
D
a
t
a
1
0
9
1
0
t
r
a
n
s
f
o
r
m
e
d
p
r
i
o
r
to
s
t
a
t
i
s
t
i
c
a
i
a
n
a
i
y
s
i
s
to
p
r
o
v
i
d
e
m
o
r
e
s
e
n
s
i
t
i
v
e
t
e
s
t
g
/
D
i
s
s
o
l
v
e
d
u
n
r
e
a
c
t
i
v
e
—
P
(
D
U
-
P
)
*
M
e
a
n
v
a
i
u
e
s
w
i
t
h
s
i
m
i
l
a
r
i
e
t
t
e
r
s
d
i
d
n
o
t
d
i
f
f
e
r
s
i
g
n
i
f
i
c
a
n
t
i
y
a
t
P
=
0
.
0
5
  
      
 
Tabie 6. Forms of phosphorus transported by Hiiiman Creek
as a percentage of total phosphorus.
expressed
  
  
   
   
   
   
   
   
 
L/Dissoived unreactive — P (DU-P)
 
Sampiing location Totai-P Particuiate-P DU—Pl/ P04-P
V
kg/yr -----------------%----------------
Downstream of
highway 3 3332 68.8 4.4 28.0
Upstream of
highway 3 2510 55.0 10.1 35.3
Downstream of
highway 77 584 61.6 13.7 26.2
Upstream of
highway 77 237 61.6 14.8 25.5
Tributary between
hwy 3 and 77 850 39.9 8.4 53.0
 '
o
—
geo
met
ric
mea
ns
for
tot
al
and
fec
al
col
ifo
rm
and
fec
als
tre
pto
coc
ci
bac
ter
ia
are
pre
sen
ted
in
tab
le
7.
The
ave
rag
e
num
ber
s
of
bio
log
ica
l
ind
ica
tor
org
ani
sms
wer
e
sig
nif
ica
ntl
y i
ncr
eas
ed
at
the
sit
e d
own
str
eam
of
hig
hwa
y
77
(si
te
C)
and
on
the
tri
but
ary
(si
te
E),
are
as
of
int
ens
ive
rur
al
hou
sin
g,
and
whe
re
tot
al-
P
and
P0
—P
wer
e
inc
rea
sed
(Ta
ble
5).
Acc
ord
ing
to
Gel
dre
ich
(19
72)
fec
al
co
qu
or
m
to
fec
al
str
ept
oco
cci
(FC
/FS
)
rat
ios
>4
.0
at
sep
tic
out
fal
ls
ind
ica
te
dom
est
ic
inp
ut
whe
rea
s
rat
ios
(0
.7
ind
ica
te
an
ani
mal
ori
gin
.
Fro
m
his
stu
die
s
agr
icu
ltu
ral
are
as
not
inf
lue
nce
d
by
dom
est
ic
sys
tem
s
con
sis
ten
tly
had
a F
C/F
S
rat
io
<0.
7.
In
thi
s
stu
dy
the
agr
icu
ltu
ral
are
a
ups
tre
am
of
hi
gh
wa
y
77
(s
it
e
D)
ha
d
a
FC
/F
S
ra
ti
o
of
0.
3
wh
er
ea
s
sa
mp
li
ng
si
te
s
do
wn
st
re
am
of
rur
al
ho
us
in
g
ar
ea
s,
e.
g.
,
si
te
s
C
an
d
E,
ha
d
FC
/F
S
ra
ti
os
fro
m
1.5
to
2.4
(Ta
ble
7).
The
FC/
FS
rat
io
dow
nst
rea
m o
f
rur
al
are
as
wo
ul
d
be
ex
pe
ct
ed
to
be
.<
.4
.0
due
to
di
lu
ti
on
an
d/
or
or
ga
ni
sm
di
eo
ff
in
the
str
eam
(Ge
ldr
eic
h,
197
2)
sin
ce
sam
ple
s w
ere
not
tak
en
at
sep
tic
out
fal
ls.
In
the
abs
enc
e
of
sep
tic
con
tam
ina
tio
n
of
the
cr
ee
k
all
si
te
s
wo
ul
d
be
ex
pe
ct
ed
to
ha
ve
FC
/F
S
ra
ti
os
A<
0.
7.
As
de
mo
ns
tr
at
ed
by
the
bi
ol
og
ic
al
da
ta
an
d
the
in
cr
ea
se
in
ph
os
ph
or
us
co
nc
en
tr
at
io
n
in
Hi
ll
ma
n
Cr
ee
k
ar
ou
nd
ar
ea
s
of
rur
al
ho
us
in
g,
do
me
st
ic
in
pu
t
is
su
gg
es
te
d.
It
wa
s
of
in
te
re
st
to
es
ti
ma
te
the
qu
an
ti
ty
of
ph
os
ph
or
us
co
nt
ri
bu
te
d
by
the
th
re
e
rur
al
ho
us
in
g
an
d
tw
o
ag
ri
cu
lt
ur
al
ar
ea
s
in
th
is
wa
te
rs
he
d
fr
om
th
e
st
re
am
lo
ad
da
ta
at
th
e
se
le
ct
ed
si
te
s.
Th
es
e
re
su
lt
s,
pr
es
en
te
d
in
ta
bl
e
8,
ar
e
on
ly
es
ti
ma
te
s
si
nc
e
th
e
qu
an
ti
ty
an
d
pr
op
or
ti
on
of
ph
os
ph
or
us
di
sc
ha
rg
ed
to
th
e
cr
ee
k
wo
ul
d
va
ry
an
nu
al
ly
.
Un
it
ar
ea
lo
ss
es
of
al
l
ph
os
ph
or
us
fo
rm
s
di
d
no
t
di
ff
er
be
tw
ee
n
th
e
tw
o
la
nd
us
es
(T
ab
le
8)
.
Tot
al—
P
los
s w
as
2.2
3
and
2.8
6
i 8
.14
kg/
ha
whi
le
P0
-P
los
s
was
'0.
58
an
d
0.
83
i
0.
27
kg
/h
a
fo
r
th
e
re
sp
ec
ti
ve
ag
ri
cu
tur
al
an
d
rur
al
ho
us
in
g
la
nd
us
es
(T
ab
le
8)
.
Th
e
la
rg
e
st
an
da
rd
er
ro
r
fo
r
to
ta
l-
P
an
d
pa
rt
ic
ul
at
e-
P
is
du
e
to
th
e
su
sp
en
de
d
so
li
ds
lo
ad
fr
om
th
e
ar
ea
ar
ou
nd
hi
gh
wa
y
3
wh
ic
h
wa
s
gr
ea
te
r
th
an
th
at
fr
om
th
e
ot
he
r
si
te
s
(1
1
vs
<.
1
t
so
il
/h
a)
.
Th
is
re
su
lt
ed
in
un
it
lo
ss
es
of
19
an
d
21
kg
/h
a
to
ta
l—
P
an
d
pa
rt
ic
ul
at
e-
P.
It
is
ev
id
en
t
th
at
th
e
ar
ea
ar
ou
nd
hi
gh
wa
y
3
ha
d
a
hi
gh
er
er
os
io
n
po
te
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l
th
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th
e
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he
r
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s
wh
ic
h
ma
sk
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th
e
co
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ri
bu
ti
on
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to
ta
l—
P
fr
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ra
l
ho
us
in
g.
Th
e
pr
op
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on
of
th
e
to
ta
l
PO
-P
lo
ad
di
sc
ha
rg
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fr
om
th
e
st
ud
y
ar
ea
at
tr
ib
ut
ab
le
to
ru
ra
l
ho
us
in
g
wa
s
es
ti
ma
te
d
fr
om
th
e
su
m
of
th
e
st
re
am
lo
ad
s
at
th
e
ap
pr
op
ri
at
e
si
te
s
pr
es
en
te
d
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ta
bl
e
5.
If
it
is
as
su
me
d
th
at
al
l
of
th
e
PO
I—
P
fr
om
th
e
ru
ra
l
ho
us
in
g
ar
ea
s
[P
0
-P
lo
ad
fr
om
(C
-D
)
+
E
+
(A
-B
)]
ar
os
e
fr
om
ho
us
in
g
th
en
63
%
of
th
e
an
nu
al
P0
-P
lo
ad
at
si
te
A
or
ig
in
at
ed
fr
om
th
is
so
ur
ce
.
Ob
vi
ou
sl
y
no
t
al
l
of
th
é
P0
-P
lo
ad
in
th
es
e
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ea
s
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ig
in
at
ed
so
le
ly
fr
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ho
us
in
g
si
nc
e
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ri
cu
lt
ur
e
wa
s
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te
rs
pe
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ed
th
ro
ug
ho
ut
th
e
ar
ea
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As
su
mi
ng
ag
ri
cu
lt
ur
e
co
nt
ri
bu
te
d
0.
58
kg
PC
s-
P/
ha
(T
ab
le
8)
to
th
e
from rural housing,
lo
ad
fr
om
th
e
ru
ra
l
ho
us
in
g
ar
ea
s
th
en
P0
4-
  
 Ta
bl
e
7.
Ge
om
et
ri
c
me
an
s
fo
r
nu
mb
er
s
of
bi
ol
og
ic
al
in
di
ca
to
r
or
ga
ni
sm
s
at
se
le
ct
ed
si
te
s
in
Hi
ll
ma
n
Cr
ee
k,
1975-
1976.
Sam
pli
ng
loc
ati
on
Ind
ica
tor
org
ani
sm
 
Tot
al
col
ifo
rm
Fec
al
col
ifo
rm
Fec
al
str
ept
oco
cci
FC/
FS
--
--
--
-—
-—
--
—-
Co
lo
ni
es
/1
00
ml
--
--
--
--
-
Dow
nst
rea
m o
f
*
hig
hwa
y 3
I
141
30
ab
186
6 a
912
a
2.0
Ups
tre
am
of
hig
hwa
y 3
205
10
a
183
7 a
780
a
2.4
Dow
nst
rea
m o
f
hig
hwa
y 7
7
935
4 b
1099
a
484
a
2.3
Ups
tre
am
of
hig
hwa
y 7
7
288
c
65
b
247
b
0.3
Tributary
between
hwy
3 a
nd
771
/
215
80
267
9
1766
1.5
 
l/M
ean
s n
ot
com
par
ed
in
t-t
est
due
to
ins
uff
ici
ent
dat
a
*
Mea
n v
alu
es
wit
h
sim
ila
r l
ett
ers
did
not
dif
fer
sig
nif
ica
ntl
y a
t P
= 0
.05
Tab1
e 8.
1975—1976.
Annua] ph
osphorus
1055 from
agricu1tu
ra1 and
rural hou
sing subw
atersheds
in Hillma
n Creek,
 
Land
Use
Strea
m Loa
d
Subwatershed Loss
Total-P Particu
1ate-P DU-P P0
-P
4
-—---—
-—--kg
/yr-—-
-——-—-
--
Agricultu
re 1/ 131
3
827
143 34
2
Rural g/
housing
2019
1468
111 59
0
Stan
dard
error
413
375
41
202
Tota1—P Particul
ate-P DU-P P04
-P
----—---—---kg/ha------—-—-
2.23 1.41 0.24 0.58
2.86 2.08 0.16 0.83
8.14 9.63 0.18 0.27
  
A/{Load
at D + [B
-(c+E)]}/
(246.2 +
342.1 ha)
2
‘/[Load at (A-B)
+ (C-D) + §] /(11
5.3 + 549.4+42.3
ha)
  
    
 
 
 
c
o
r
r
e
c
t
e
d
f
o
r
a
g
r
i
c
u
l
t
u
r
e
,
w
o
u
l
d
c
o
m
p
r
i
s
e
2
7
%
o
f
t
h
e
to
ta
l
P0
-P
lo
ad
d
i
s
c
h
a
r
g
e
d
at
si
te
A.
Th
e
ac
tu
al
c
o
n
t
r
i
b
ut
i
o
n
f
r
o
m
ru
ra
?
ho
us
in
g
p
r
o
b
a
b
l
y
li
es
be
tw
ee
n
27
an
d
63
%
o
f
th
e
to
ta
l
P0
-P
lo
ad
d
i
s
c
h
a
r
g
e
d
fr
om
th
e
s
t
ud
y
ar
ea
si
nc
e
th
e
p
e
r
c
e
n
t
a
g
e
o
f
th
e
h
o
us
i
n
g
a
r
e
a
in
a
g
r
i
c
u
l
t
u
r
e
a
n
d
r
o
a
d
a
l
l
o
w
a
n
c
e
s
w
a
s
n
o
t
a
c
c
u
r
a
t
e
l
y
d
e
t
e
r
m
i
n
e
d
.
F
r
o
m
t
h
e
s
e
f
i
g
u
r
e
s
i
t
w
a
s
e
s
t
i
m
a
t
e
d
t
h
a
t
t
h
e
a
v
e
r
a
g
e
d
a
i
l
y
c
o
n
t
r
i
b
u
-
ti
on
of
P0
—P
fr
om
ea
ch
of
th
e
29
8
ho
us
es
in
th
e
st
ud
y
ar
ea
wa
s
be
tw
ee
n
2
3
n
d
5
9
P0
—P
/h
ou
se
/d
ay
.
T
h
e
ac
tu
al
a
m
o
un
t
o
f
P0
-P
co
n-
t
r
i
b
ut
e
d
by
ea
ch
ho
ug
e
w
o
u
l
d
d
e
p
e
n
d
up
on
th
e
p
r
o
xi
m
i
t
y
o
f
tﬂ
e
ho
us
e
to
th
e
cr
ee
k.
th
e
c
o
n
d
i
t
i
o
n
o
f
th
e
s
e
p
t
i
c
fi
el
d.
th
e
n
u
m
b
e
r
o
f
p
e
o
p
l
e
an
d
th
e
qu
an
ti
ty
of
wa
te
r
di
sc
ha
rg
ed
pe
r
ho
us
e.
F
o
r
t
h
e
a
g
r
i
c
u
l
t
u
r
a
l
a
r
e
a
.
6
1
%
o
f
th
e
w
a
t
e
r
s
h
e
d
(
2
0
7
0
ha
)
r
e
c
e
i
ve
d
63
kg
P
/
h
a
in
19
75
(F
ra
nk
an
d
Ri
pl
ey
,
19
77
).
A
s
s
um
i
n
g
t
h
i
s
a
m
o
u
n
t
(6
3
k
g
/
h
a
)
w
a
s
u
n
i
f
o
r
m
l
y
a
p
p
l
i
e
d
to
t
h
e
t
wo
a
g
r
i
c
u
l
t
u
r
a
l
s
ub
wa
t
e
r
s
h
e
d
s
in
th
is
s
t
ud
y
(5
88
.3
ha
to
ta
l)
an
d
t
h
a
t
al
l
of
th
e
p
h
o
s
p
h
o
r
u
s
l
o
s
t
f
r
o
m
t
h
e
a
g
r
i
c
u
l
t
u
r
a
l
a
r
e
a
s
o
r
i
g
i
n
a
t
e
d
f
r
o
m
f
e
r
t
i
l
i
z
e
r
a
p
p
l
i
c
a
t
i
o
n
th
en
th
e
a
m
o
un
t
s
o
f
to
ta
l-
P
an
d
P0
-P
f
o
un
d
in
th
e
cr
ee
k
w
o
u
l
d
r
e
p
r
e
s
e
n
t
3.
5
an
d
0
.
9
2
%
r
e
s
p
e
c
t
i
ve
l
y
o
f
t
h
a
t
ap
pl
ie
d.
It
is
q
u
i
t
e
a
p
p
a
r
e
n
t
f
r
o
m
t
h
e
s
e
r
e
s
u
l
t
s
t
h
a
t
a
l
a
r
g
e
p
a
r
t
o
f
th
e
p
h
o
s
p
h
o
r
u
s
lo
st
f
r
o
m
th
e
ag
ri
cu
lt
ur
al
p
o
r
t
i
o
n
o
f
th
e
w
a
t
e
r
s
h
e
d
o
c
c
u
r
r
e
d
as
p
a
r
t
i
c
ul
a
t
e
-
P
(T
ab
le
6)
.
Th
e
lo
ss
o
f
s
o
l
ub
l
e
p
h
o
s
p
h
o
r
us
(P
04
-P
)
f
r
o
m
th
e
ag
ri
cu
lt
ur
al
po
rt
io
n
o
f
th
e
w
a
t
e
r
s
h
e
d
(0
.5
8
kg
/h
a)
wa
s
in
th
e
ra
ng
e
r
e
p
o
r
t
e
d
fo
r
o
t
h
e
r
ag
ri
cu
lt
ur
al
wa
t
e
r
s
h
e
d
s
(
<
0.
02
-
1
kg
/
ha
.
O
l
n
e
s
s
e
t
al
..
19
74
)
an
d
do
es
n
o
t
a
p
p
e
a
r
to
be
e
xc
e
s
s
i
ve
.
It
wa
s
e
s
t
i
m
a
t
e
d
th
at
th
e
ac
tu
al
a
m
o
un
t
o
f
P0
-P
c
o
n
t
r
i
b
ut
e
d
by
th
e
a
g
r
i
c
u
l
t
u
r
a
l
a
r
e
a
r
e
p
r
e
s
e
n
t
e
d
37
t
o
7
3
%
o
f
t
h
e
t
o
t
a
l
P
0
4
-
P
d
i
s
c
h
a
r
g
e
d
.
F
r
o
m
th
e
f
o
r
e
g
o
i
n
g
re
su
lt
s
it
wa
s
sh
ow
n
th
at
h
o
us
i
n
g
in
ru
ra
l
ar
ea
s
ma
y
co
nt
ri
bu
te
as
mu
ch
or
th
op
ho
sp
ha
te
to
dr
ai
na
ge
sy
st
em
s
as
ag
ri
cu
lt
ur
e.
H
o
we
ve
r
.
th
er
e
is
a
n
e
e
d
to
b
e
t
t
e
r
q
u
a
n
t
i
f
y
th
e
in
pu
ts
fr
om
ru
ra
l
ho
us
in
g
be
fo
re
re
me
di
al
me
as
ur
es
in
th
e
ag
ri
cu
lt
ur
al
se
ct
or
wi
ll
be
ef
fe
ct
iv
e.
It
ap
pe
ar
s
t
h
a
t
m
e
a
s
ur
e
s
to
re
du
ce
e
r
o
s
i
o
n
f
r
o
m
ag
ri
cu
lt
ur
al
l
a
n
d
m
a
y
r
e
d
uc
e
a
g
r
i
c
ul
t
ur
e
'
s
c
o
n
t
r
i
b
ut
i
o
n
to
th
e
to
ta
l
p
h
o
s
p
h
o
r
us
lo
ad
S
i
n
c
e
p
a
r
t
i
c
ul
a
t
e
-
P
a
p
p
e
a
r
e
d
to
be
th
e
d
o
m
i
n
a
n
t
s
p
e
c
i
e
s
f
r
o
m
th
is
s
o
ur
c
e
b
ut
a
r
e
d
uc
t
i
o
n
‘i
n
th
e
p
a
r
t
i
c
ul
a
t
e
-
P
l
o
a
d
w
i
t
h
o
u
t
co
nt
ro
ll
in
g
in
pu
ts
fr
om
ru
ra
l
ho
us
in
g
wo
ul
d
re
su
lt
in
an
in
cr
ea
se
in
th
e
pr
op
or
ti
on
of
or
th
op
ho
sp
ha
te
di
sc
ha
rg
ed
.
T
h
e
m
o
n
t
h
l
y
d
i
s
t
r
i
b
ut
i
o
n
o
f
p
h
o
s
p
h
o
r
us
fo
rm
s
t
r
a
n
s
p
o
r
t
e
d
by
Hi
ll
ma
n
C
r
e
e
k
at
th
e
si
te
d
o
wn
s
t
r
e
a
m
o
f
h
i
g
h
wa
y
3
(s
it
e
A)
is
p
r
e
s
e
n
t
e
d
in
fi
gu
re
4.
Th
e
P0
—P
m
a
d
e
up
th
e
bu
lk
o
f
th
e
p
h
o
s
p
h
o
r
us
tr
an
sp
or
te
d
du
ri
ng
th
e
lo
w
di
sé
ha
rg
e
pe
ri
od
bu
t
a
gr
ea
te
r
pr
op
or
ti
on
of
pa
rt
ic
ul
at
e-
P
wa
s
tr
an
sp
or
te
d
du
ri
ng
hi
gh
di
sc
ha
rg
e.
Th
e
pr
o-
po
rt
io
n
of
DU
-P
de
cr
ea
se
d
as
di
sc
ha
rg
e
in
cr
ea
se
d.
_M
os
t
of
th
e
P0
—P
(6
3-
80
%)
an
d
th
e
pa
rt
ic
ul
at
e-
P.
(8
4-
93
%)
wa
s
tr
an
sp
or
te
d
du
ri
ng
th
sp
ri
ng
ru
no
ff
.
.
28
 SOLUBLE CATIONS
The
ave
rag
e s
olu
ble
cat
ion
con
cen
tra
tio
ns
fou
nd
at
eac
h s
ite
are
pre
sen
ted
in
tab
le
9.
Exc
ept
for
Ca
the
con
cen
tra
tio
n o
f t
he
soluble cations increased as the area drained increased. The
con
cen
tra
tio
n o
f C
a d
ecr
eas
ed
fro
m 1
24
to
112
mg/l
as
dra
ina
ge
are
a i
ncr
eas
ed.
Cal
ciu
m m
ay
hav
e o
rig
ina
ted
fro
m a
poi
nt
sou
rce
suc
h a
s a
lim
ed
fie
ld
nea
r t
he
sou
rce
of
the
cre
ek.
Rura
l h
ous
ing
aro
und
hig
hwa
y 3
had
no
sig
nif
ica
nt
eff
ect
on
the
sol
ubl
e c
ati
on
con
cen
tra
tio
n b
ut
the
Na
con
cen
tra
tio
n w
as
sig
nif
ica
ntl
y i
ncr
eas
ed
at
the
sit
e d
own
str
eam
of
hig
hwa
y 7
7 (
sit
e C
) p
oss
ibl
y b
y r
ural
hou
sin
g.
Sep
tic
out
fal
ls
inc
rea
sed
Na.
K,
and
P0
-P
con
cen
tra
tio
n
in
an
agr
ono
mic
wat
ers
hed
(Jo
nes
. S
mec
k.
and
Wil
din
g,
197
7)
thu
s
the
hig
her
con
cen
tra
tio
ns
of
Na
aro
und
hig
hwa
y 7
7 p
rov
ide
s f
urt
her
evi
den
ce
of
sep
tic
con
tam
ina
tio
n o
f t
he
cre
ek.
The
tri
but
ary
had
the highest concentrations of Mg, Na and K but not Ca.
The
ann
ual
str
eam
loa
d a
nd
wat
ers
hed
los
s f
or
the
sol
ubl
e
cat
ion
s a
re
dis
pla
yed
in
tab
le
10.
The
str
eam
loa
d o
f s
olu
ble
cat
ion
s i
ncr
eas
ed
pr0
por
tio
nat
ely
to
are
a d
rai
ned
exc
ept
act
ivi
tie
s
aro
und
hig
hwa
y 7
7 i
ncr
eas
ed
Ca.
and
Mg
loa
d b
ut
not
the
Na
and
K
loa
d.
Rur
al
hou
sin
g
aro
und
hig
hwa
y
3 h
ad
no
sig
nif
ica
nt
eff
ect
on
the
sol
ubl
e
cat
ion
loa
d
and
the
inc
rea
ses
not
ed
aro
se
fro
m i
npu
ts
on
the
tri
but
ary
and
fro
m t
he
are
a u
pst
rea
m o
f h
igh
way
3 (
sit
e B
).
The
inc
rea
sed
sol
ubl
e
cat
ion
loa
ds
alo
ng
hig
hwa
y
77
cou
ld
hav
e
bee
n
due
to
roa
d
sal
tin
g
dur
ing
the
win
ter
mon
ths
but
the
re
is
no
dir
ect
revidence for this.
 
The
qua
nti
ty
of
Na
(43
277
kg/
ha)
and
K
(42
-61
kg/
ha)
rem
ove
d
fro
m t
he
wat
ers
hed
was
not
sig
nif
ica
ntl
y d
iff
ere
nt
at
any
of
the
sam
pli
ng
loc
ati
ons
thu
s
the
se
cat
ion
s w
ere
pro
bab
ly
der
ive
d
fro
m
eol
ogi
c
wea
the
rin
g.
Pre
cip
ita
tio
n
add
ed
12
kg
K/h
a
ann
ual
ly
(Sa
nde
rso
n.
197
7)
and
may
hav
e
con
tri
but
ed
sig
nif
ica
ntl
y
to
K l
oss
fr
om
th
e
wa
te
rs
he
d.
Mo
re
Ca
an
d
Mg
wa
s
re
mo
ve
d
fr
om
th
e
wa
te
rs
he
d
ne
ar
th
e
so
ur
ce
of
th
e
st
re
am
(8
98
an
d
10
3
kg
/h
a
re
sp
ec
ti
ve
ly
,s
it
e
D)
th
an
do
wn
st
re
am
(60
5
an
d
100
kg
/h
a
re
sp
..
si
te
A)
.
an
d
th
e
de
cr
ea
se
in
Ca
co
nc
en
tr
at
io
n
wi
th
an
in
cr
ea
se
in
dr
ai
na
ge
ar
ea
su
gg
es
ts
a
g
po
ih
t
so
ur
ce
.
Ex
cl
ud
in
g
th
e
dr
ai
na
e
ar
ea
of
th
e
tr
ib
ut
ar
y.
th
e
g
dr
ai
na
ge
ar
ea
be
tw
ee
n
th
e
hi
gh
wa
ys
34
2
ha
)
is
of
th
e
sa
me
ex
te
nt
a
as
th
e
to
ta
l
dr
ai
na
ge
ar
ea
(3
61
ha
)
fo
r
th
e
si
te
do
wn
st
re
am
of
hi
gh
wa
y
77
(s
it
e
C)
th
us
si
mi
la
r
qu
an
ti
ti
es
of
Ca
re
mo
va
l
wo
ul
d
be
ex
pe
ct
ed
if
ge
ol
og
ic
we
at
he
ri
ng
we
re
re
sp
on
si
bl
e.
So
il
lo
ss
of
Ca
an
d
M9
fo
r
th
es
e
re
sp
ec
ti
ve
ar
ea
s
wa
s
50
9
an
d
10
9
kg
/h
a
an
d
10
62
an
d
13
4
kg
/h
a.
Th
e
qu
an
ti
ty
of
Ca
an
d
M
re
mo
ve
d
fr
om
th
e
wa
te
r-
sh
ed
at
th
e
si
te
do
wn
st
re
am
of
hi
gh
wa
y
3
(6
05
an
d
10
0
k
/h
a
re
sp
)
wa
s
of
th
e
sa
me
or
de
r
as
th
at
re
mo
ve
d
by
th
e
tr
ib
ut
ar
y
(4
06
an
d
74
kg
/h
a
re
sp
)
bu
t
on
ly
ha
lf
of
th
at
re
mo
ve
d
up
st
re
am
of
hi
gh
wa
y
77
(8
98
an
d
10
3
kg
/h
a
re
sp
).
Th
e
so
ur
ce
ma
y
ar
is
e
fr
om
th
e
8-
16
ha
29
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Figure 4. Monthly total—P, particulate—P, dissolved unreactive—P, and PO4—P load, precipitation and discharge
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 Table 9. Average concentration of salts at various sites in Hillman
Creek, 1975-1975. L/
Sampling location Ca Mg Na K
------------------mg/l—-----------————————
Downstream of
highway 3 112 b* 16 a 13 a 7.4 a
Upstream of
highway 3 112 b 16 a 12 a 6.9 a
Downstream of ,
highway 77 117 ab 13 b 7 b 4.7 b
Upstream of
highway 77 124 a 14 b 5 c 4.6 b
Tributary between 2
highway 3 and 77—/ 106 18 16 10.5
l/Data log transformed prior to statistical analysis to provide more
- sensitivlotest
E/Means not compared in t-test due to insufficient data
* Mean values with similar letters did not differ significantly at P=0.05
  
 Table
10.
Annual
stream load
and watershed
loss
of salts
for Hillman
Creek.
1975-1976.}!
Stream load
Watershed loss
  
Sampling location
Ca
Mg
Na
K
Ca
Mg
Na
K
--------t/yr----------
----kg/ha/yr------
Downstream of
*
highway
3
784
a
129
a
99
a
71
a
605
b
100
b
77
a
55
a
Upstream of
highway
3
783
a
127
a
94
a
68
a
625
b
101
b
75
a
55
a
Downstream
of
highway
77
384
b
48
b
28
b
22
b
1062
a
134 a
76
a
61
a
Upstream of
highway
77
221
b
25
b
11
b
10
b
898
ab
103
b
43
a
42
a
 
Tributary
betwgen
hwy
3 and
77 _.
225
41
38
26
406
74
69
47
 
l/Data.logm
transformed
before
statistical
analysis
to
provide
more
sensitive
test
Z/Means
not
compared
in
t—test
due
to
insufficient
data
*
Mean
values
with
similar
letters
did
not
differ
significantly
at
P
=
0.05
 
'd
—b
beyond the site upstream of highway 77 ( site D) which was limed
during the year. In the total watershed 44 ha received 185 tonnes
of
lim
est
one
.
Ads
orp
tio
n o
f C
a o
r M
g b
y t
he
sus
pen
ded
sol
ids
or
precipitation as the carbonate as it is transported down the stream
do not appear to be responsible for the decreasing losses towards
the lower end of the watershed since neither Ca nor Mg were correlated
with suspended solids. As with the nutrients and suspended solids
most of the soluble cations were removed during the spring thaw
(Figure 5).
METALS
The
ave
rag
e m
eta
l c
onc
ent
rat
ion
s,
and
annu
al
str
eam
loa
d a
nd
wat
ers
hed
loss
are
rec
ord
ed
in
tab
le
11.
Low
con
cen
tra
tio
ns
of
Pb,
Cr
and
Cd
wer
e f
oun
d a
t a
ll
sit
es
(11
..2
.an
d 0
.6
ug/l
reS
pec
tiv
ely
).
The concentrations reported were derived from unfiltered water and
ref
lec
t s
olu
ble
and
ext
rac
tab
le
sed
ime
nt
bou
nd
met
al.
The
con
cen
-
tra
tio
n o
f C
u.
Zn,
and
Fe w
as
not
sig
nif
ica
ntl
y i
ncr
eas
ed
by
the
lan
d u
se
at
any
of
the
sit
es
thu
s t
hes
e m
eta
ls
pro
bab
ly
ori
gin
ate
d
fro
m g
eol
ogi
c w
eat
her
ing
.
A c
ons
ide
rab
le
amo
unt
of
Cu
and
Zn
(80
and
256
g/h
a/y
r i
npu
t)
cou
ld
hav
e a
ros
e f
rom
pre
cip
ita
tio
n
(Sa
nde
rso
n,
1977
).
Aer
ial
tra
nsp
ort
of
sus
pen
ded
soil
may
in
par
t
be
res
pon
sib
le
for
the
hig
h p
rec
ipi
tat
ion
loa
d o
f t
hes
e m
eta
ls.
The
con
cen
tra
tio
n o
f C
u,
and
Zn
at
all
sit
es
in
Hil
lma
n C
ree
k d
id
not
exc
eed
the
Ont
ari
o p
erm
iss
abl
e l
eve
l o
f t
hes
e m
eta
ls
for
irr
i-
gation water (Anonymous, 1967).
Str
eam
loa
d
inc
rea
sed
pro
por
tio
nat
ely
to
the
are
a
dra
ine
d
(Ta
ble
11)
.
Exc
ept
for
the
sit
e
dow
nst
rea
m o
f
hig
hwa
y
77
the
los
ses
of
Cu,
Zn,
and
Fe
fro
m t
he
wat
ers
hed
wer
e
sim
ila
r a
t e
ach
sit
e
su
pp
or
ti
ng
th
e
co
nc
lu
si
on
th
at
the
me
ta
ls
we
re
de
ri
ve
d
fr
om
ge
ol
og
ic
we
at
he
ri
ng
.
Su
sp
en
de
d
so
li
ds
an
d
Cu
an
d
Fe
co
nc
en
tr
at
io
n
an
d
lo
ad
we
re
co
rr
el
at
ed
po
si
ti
ve
ly
wh
ic
h
su
gg
es
ts
th
es
e
el
em
en
ts
we
re
tr
an
s-
po
rt
ed
on
th
e
su
sp
en
de
d
so
li
ds
.
Su
sp
en
de
d
so
li
ds
wa
s
no
t
co
rr
el
at
ed
wi
th
Zn
lo
ad
an
d
co
nc
en
tr
at
io
n
in
di
ca
ti
ng
tr
an
sp
or
t
as
th
e
so
lu
bl
e
Sp
ec
ie
s.
Th
e
mo
nt
hl
y
di
st
ri
bu
ti
on
of
Cu
.
Zn
.
an
d
Fe
lo
ad
ar
e
pr
es
en
te
d
in
fi
gu
re
s
6
an
d
7.
Th
e
lo
ad
of
th
es
e
el
em
en
ts
in
cr
ea
se
d
as
-d
is
ch
ar
ge
in
cr
ea
se
d
wi
th
th
e
gr
ea
te
r
pa
rt
of
th
es
e
el
em
en
ts
tr
an
sp
or
te
d
du
ri
ng
th
e
sp
ri
ng
th
aw
.
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Figure 5. Monthly soluble cation load, precipitation, and discharge at the site downstream of highway 3 on
Hillman Creek.
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Figure 6. Monthly cooper, and zinc load, precipitation, and discharge at the site downstream of highway 3 on
Hillman Creek.
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7.
Mo
nt
hl
y
ir
on
lo
ad
,
pr
ec
ip
it
at
io
n,
an
d
di
sc
ha
rg
e a
t t
he
sit
e d
ow
ns
tr
ea
m
of
hi
gh
wa
y
3
on
Hi
II
ma
n
Cr
ee
k.
P
R
E
C
I
P
I
T
A
T
I
O
N
A
N
D
D
I
S
C
H
A
R
G
E
,
£
X
1
0
8
  
  
CONCLUSIONS
Thi
s
rep
ort
pre
sen
ts
dat
a
col
lec
ted
for
a o
ne
yea
r
per
iod
fro
m
an
int
ens
ive
stu
dy
in
a s
mal
l
par
t o
f t
he
Hil
lma
n
Cre
ek
wat
ers
hed
.
Th
e
pu
rp
os
e
of
th
e
st
ud
y
wa
s
:
1.
to
de
te
rm
in
e
th
e
qu
an
ti
ty
of
su
sp
en
de
d
so
li
ds
,
nu
tr
ie
nt
s,
so
lu
bl
e
ca
ti
on
s.
an
d
me
ta
ls
co
nt
ri
bu
te
d
by
se
le
ct
ed
dr
ai
na
ge
ar
ea
s
in
Hi
ll
ma
n
Cr
ee
k;
2.
to
re
la
te
in
pu
ts
to
ag
ri
cu
lt
ur
e
an
d
rur
al
ho
us
in
g
in
th
e
re
sp
ec
ti
ve
dr
ai
na
ge
ar
ea
s;
an
d
3.
to
el
uc
id
at
e
tr
an
sp
or
t
me
ch
an
is
ms
wh
er
e
po
ss
ib
le
.
Th
e
results suggest the following conclusions:
1.
Soi
l
lo
ss
fr
om
th
e
wa
te
rs
he
d
am
ou
nt
ed
to
94
3
kg
/h
a/
yr
an
d
wa
s
no
t
re
la
te
d
to
an
y
sp
ec
if
ic
la
nd
use
.
Th
e
su
5p
en
de
d
so
li
ds
lo
ad
ap
pe
ar
ed
to
ar
is
e
fr
om
st
re
am
ba
nk
er
os
io
n
an
d
ov
er
la
nd
fl
ow
du
ri
ng
th
e
sp
ri
ng
th
aw
an
d
fr
om
sh
or
t
du
ra
ti
on
,
in
te
ns
iv
e
storms.
2.
In
te
ns
iv
e
cu
lt
iv
at
io
n
an
d/
or
use
of
ni
tr
og
en
fe
rt
il
iz
er
pr
ob
ab
ly
ac
co
un
te
d
fo
r
th
e
hi
gh
ni
tr
og
en
lo
ss
(54
kg
/h
a/
yr
)
fr
om
th
e
dr
ai
na
ge
ar
ea
.
Th
e
hi
gh
N0
-N
lo
ss
(48
kg
/h
a/
yr
)
fr
om
ag
ri
cu
lt
ur
e
rel
ate
s
to
the
hig
h m
obi
lit
y
of
N0
—N
in
san
dy
soi
ls,
to
los
s
th
ro
ug
h
fi
el
d
dr
ai
ns
,
an
d
to
hi
gh
ﬁo
-N
lo
ad
in
th
e
gr
ou
nd
wa
te
r
der
ive
d f
rom
pas
t
fer
til
ize
r
use
or
Rit
rog
en
rel
eas
e
fro
m
de
gr
ad
ed
or
ga
ni
c
ma
tt
er
.
Pr
el
im
in
ar
y
st
ud
ie
s
(F
ri
nd
an
d
Ch
er
ry
.
19
77
)
es
ti
ma
te
d
th
at
7
kg
N0
-N
/h
a/
yr
wa
s
ad
de
d
to
th
e
cr
ee
k
th
ro
ug
h
gr
ou
nd
wa
te
r
wh
ic
h
wo
al
d
be
a p
ar
t
of
th
e
48
kg
N0
-N
/h
a
/y
r
ca
lc
ul
at
ed
as
be
in
g
lo
st
fr
om
th
e
ag
ri
cu
lt
ur
al
co
mp
on
nt.
3.
Lar
ge
qua
nti
tie
s
of
N0
-N
wer
e
fou
nd
in
the
dra
ina
ge
sys
tem
dur
ing
the
fal
l,
win
te
. a
nd
spr
ing
per
iod
s
whe
n
dis
cha
rge
wa
s
gr
ea
te
st
.
Li
tt
le
N0
-N
wa
s
pr
es
en
t
in
th
e
dr
ai
na
ge
sy
st
em
du
ri
ng
Ju
ly
an
d
Au
gu
st
ah
en
cr
op
gr
ow
th
wa
s
ma
xi
ma
l.
Th
e
lo
w
N0
-N
le
ve
ls
fo
un
d
du
ri
ng
th
e
su
mm
er
mo
nt
hs
co
ul
d
re
fl
ec
t
ef
fi
ci
en
t
cr
op
up
ta
ke
or
‘d
én
it
ri
fi
ca
ti
on
in
th
e
st
re
am
at
th
e
hig
h s
umm
er
tem
per
atu
res
.
the
low
pre
cip
ita
tio
n d
uri
ng
the
summer would also reduce leaching losses.
4.
Ar
ea
s
co
nt
ai
ni
ng
rur
al
ho
us
in
g
ap
pe
ar
ed
to
co
nt
ri
bu
te
si
gn
if
i-
ca
nt
qu
an
ti
ti
es
(0
.8
3
kg
/h
a/
yr
)
of
P0
-P
to
th
e
dr
ai
na
ge
sy
st
em
co
mp
ar
ed
to
th
e
mo
re
ag
ri
cu
lt
ur
al
ar
e
s
(0
.5
8
kg
/h
a/
yr
).
38
10.
11.
12.
 
Th
is
co
nc
lu
si
on
wa
s
su
pp
or
te
d
by
an
in
cr
ea
se
in
bi
ol
og
ic
al
in
di
ca
to
r
or
ga
ni
sm
s
at
th
e
sa
mp
li
ng
lo
ca
ti
on
do
wn
st
re
am
of
ho
us
in
g.
FC
/F
S
ra
ti
os
>0
.7
.
an
d
an
in
cr
ea
se
in
th
e
pr
op
or
ti
on
of
PO%
-P
to
tot
al-
P
los
t
fro
m t
he
hou
sin
g
are
a d
rai
ned
by
the
tribu ary.
Ho
us
in
g
in
th
e
st
ud
y
ar
ea
wa
s
es
ti
ma
te
d
to
co
nt
ri
bu
te
2-
5
9
P0
-P
/h
ou
se
/d
ay
wh
ic
h
re
pr
es
en
te
d
27
to
63
%
of
th
e
to
ta
l
P0
4-
P
103d discharged from the total study area.
To
ta
l
ph
os
ph
or
us
fr
om
th
e
ho
us
in
g
ar
ea
on
th
e
tr
ib
ut
ar
y
co
nt
ai
ne
d
a
gr
ea
te
r
pr
op
or
ti
on
of
P0
—P
(5
3%
);
th
us
.
re
du
ci
ng
pa
rt
ic
ul
at
e-
P
fr
om
ag
ri
cu
lt
ur
al
ar
ea
s
ma
y
re
su
lt
in
an
in
cr
ea
se
in
th
e
pr
0p
or
-
ti
on
of
so
lu
bl
e-
P
di
sc
ha
rg
ed
fr
om
th
e
dr
ai
na
ge
are
a.
Th
e
qu
an
ti
ty
of
P0
4-
P
fr
om
ag
ri
cu
lt
ur
e
wa
s
eq
ui
va
le
nt
to
0.
92
%
of
th
at
ap
pl
ie
d
as
fe
rt
il
iz
er
to
th
e
cr
op
pe
d
ar
ea
.
Th
is
va
lu
e
in
cl
ud
es
th
e
co
nt
ri
bu
ti
on
fr
om
ge
ol
og
ic
or
ig
in
.
pa
st
fe
rt
il
iz
er
application and/or precipitation.
Pa
rt
ic
ul
at
e-
P
lo
ad
in
cr
ea
se
d
as
di
sc
ha
rg
e
in
cr
ea
se
d
pr
ob
ab
ly
du
e
to
er
os
io
n
of
th
e
st
re
am
ch
an
ne
l
an
d/
or
ov
er
la
nd
fl
ow
.
Pa
rt
ic
ul
at
e-
P
ma
de
up
68
%
of
th
e
to
ta
l-
P
lo
st
.
Ex
ce
pt
fo
r
Ca
.
so
lu
bl
e
ca
ti
on
s
we
re
de
ri
ve
d
fr
om
ge
ol
og
ic
we
at
he
ri
ng
.
Pa
rt
of
th
e
ca
lc
iu
m
in
th
e
up
pe
r
re
ac
he
s
of
th
e
cr
ee
k
ap
pe
ar
ed
to
ar
is
e
fr
om
a
po
in
t
so
ur
ce
,
pr
ob
ab
ly
li
me
ap
pl
ie
d
du
ri
ng
th
e
cr
op
pi
ng
se
as
on
.
Li
me
wa
s
us
ed
in
th
e
lo
we
r
re
ac
he
s
of
th
e
st
ud
y
ar
ea
bu
t
ap
pa
re
nt
ly
di
d
no
t
re
ac
h
the creek.
Ro
ad
sa
lt
in
g
di
d
no
t
si
gn
if
ic
an
tl
y
in
cr
ea
se
so
lu
bl
e
ca
ti
on
co
nc
en
tr
at
io
ns
or
lo
ad
in
th
e
cr
ee
k.
Th
e
Cu
.
Zn
,
an
d
Fe
we
re
de
ri
ve
d
fr
om
ge
ol
og
ic
we
at
he
ri
ng
an
d/
or
pr
ec
ip
it
at
io
n.
Co
pp
er
an
d
Fe
we
re
tr
an
sp
or
te
d
by
th
e
su
sp
en
de
d
'
so
li
ds
wh
il
e
Zn
wa
s
tr
an
sp
or
te
d
as
th
e
so
lu
bl
e
sp
ec
ie
s.
Th
e
Cr
,
Cd
,
an
d
Pb
co
nc
en
tr
at
io
ns
we
re
be
lo
w
2.
0.
6.
an
d
11
ug
/l
re
sp
ec
ti
ve
ly
an
d
ap
pe
ar
ed
to
be
de
ri
ve
d
fr
om
we
at
he
re
d
ma
te
ri
al
.
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RECOMMENDATIONS
STUDY CONSTRAINTS
Th
e
re
su
lt
s.
al
th
ou
gh
li
mi
te
d
in
ti
me
.
pr
ov
id
ed
a
fi
rs
t
es
ti
ma
te
of
th
e
ma
gn
it
ud
e
of
po
ll
ut
an
ts
co
nt
ri
bu
te
d
by
a
dr
ai
na
ge
sy
st
em
fr
om
an
ag
ri
cu
lt
ur
al
ar
ea
in
te
rs
pe
rs
ed
wi
th
ho
us
in
g.
Gr
ea
te
r
co
nf
id
en
ce
on
th
e
di
sc
ha
rg
e
an
d
lo
ad
in
g
va
lu
es
wo
ul
d
ha
ve
oc
cu
rr
ed
ha
d
ti
me
pe
rm
it
te
d
mo
re
ad
eq
ua
te
si
te
in
st
ru
me
nt
at
io
n
at
th
e
in
it
ia
ti
on
of
th
e
st
ud
y.
ho
we
ve
r,
th
e
re
su
lt
s
we
re
co
mp
ar
ab
le
to
th
os
er
re
po
rt
ed
fo
r
ot
he
r
ag
ri
cu
lt
ur
al
wa
te
rs
he
ds
an
d
to
lo
ss
es
ca
lc
ul
at
ed
fr
om
da
ta
co
ll
ec
te
d
by
th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
at
th
ei
r
si
te
en
co
mp
as
si
ng
th
e
st
ud
y
ar
ea
.
Ar
ea
s
of
ma
jo
r
in
te
re
st
fo
r
de
li
ne
at
io
n
of
in
pu
ts
we
re
de
fi
ne
d
as
th
e
sa
mp
li
ng
se
as
on
pr
og
re
ss
ed
an
d
su
ff
ic
ie
nt
sa
mp
le
s
we
re
co
ll
ec
te
d
fo
r
st
at
is
ti
ca
l
co
mp
ar
is
on
s.
Th
e
so
ur
ce
s
of
in
pu
ts
on
th
e
tr
ib
ut
ar
y
we
re
ve
ry
il
l
de
fi
ne
d
an
d
it
wa
s
de
te
rm
in
ed
ne
ar
th
e
co
nc
lu
si
on
of
th
e
st
ud
y
th
at
at
le
as
t
si
x
sa
mp
li
ng
si
te
s
we
re
re
qu
ir
ed
to
de
li
ne
at
e
so
ur
ce
s.
Ma
jo
r
ga
ug
in
g
in
st
al
la
ti
on
s
wo
ul
d
ha
ve
be
en
re
qu
ir
ed
at
th
es
e
si
te
s
to
pr
ep
ar
e
th
em
fo
r
mo
ni
to
ri
ng
.
At
le
as
t
on
e
ye
ar
wo
ul
d
be
re
qu
ir
ed
to
ch
ar
ac
te
ri
ze
th
e
st
ud
y
ar
ea
,
i.
e.
,
se
le
ct
ap
pr
op
ri
at
e
sa
mp
li
ng
si
te
s,
as
se
ss
pe
ri
od
s
wh
er
e
sa
mp
li
ng
fr
eq
ue
nc
y
ne
ed
ed
in
te
ns
if
ic
at
io
n,
pr
Op
er
ly
in
st
ru
me
nt
an
d
ga
ug
e
th
e
st
re
am
,
an
d
be
co
me
ac
qu
ai
nt
ed
wi
th
th
e
hy
dr
ol
og
y
of
th
e
st
ud
y
ar
ea
.
A
fu
rt
he
r
th
re
e
to
fi
ve
ye
ar
s
wo
ul
d
be
re
qu
ir
ed
to
de
te
rm
in
e
se
as
on
al
va
ri
at
io
ns
an
d
im
pr
ov
e
th
e
lo
ad
in
g
es
ti
ma
te
s.
Th
es
e
re
su
lt
s
we
re
de
ri
ve
d
fr
om
a
wa
te
rs
he
d
re
pr
es
en
ti
ng
a
fo
rm
of
ag
ri
cu
lt
ur
e,
i.
e.
.
ex
te
ns
iv
e
cu
lt
iv
at
io
n
an
d
cu
lt
ur
e
of
cr
op
s
Wi
th
hi
gh
fe
rt
il
iz
er
de
ma
nd
.
wh
ic
h
ha
s
a
hi
gh
po
te
nt
ia
l
fo
r
hi
gh
nu
tr
ie
nt
in
pu
ts
to
th
e
dr
ai
na
ge
sy
st
em
.
Th
e
pa
ra
me
te
r
lo
ad
s
wi
th
in
th
is
wa
te
rs
he
d
we
re
wi
th
in
th
e
ra
ng
e
of
th
at
ca
lc
ul
at
ed
fo
r
ot
he
r
ag
ri
cu
lt
ur
al
wa
te
rs
he
ds
bu
t
ma
y
ap
pe
ar
hi
gh
in
re
la
ti
on
to
ot
he
r
la
nd
us
es
in
ot
he
r
wa
te
rs
he
ds
e.
g.
,
fo
re
st
ry
.
Th
us
an
as
se
ss
me
nt
sh
ou
ld
be
ma
de
be
fo
re
re
me
di
al
me
as
ur
es
ar
e
im
pl
em
en
te
d
to
pu
t
th
e
lo
ad
in
g
va
lu
es
fr
om
th
is
an
d
si
mi
la
r
wa
te
rs
he
ds
in
to
pe
rS
pe
ct
iv
e
wi
th
th
e
to
ta
l
lo
ad
fr
om
al
l
so
ur
ce
s
en
te
ri
ng
th
e
Gr
ea
t
La
ke
s
sy
st
em
to
de
te
rm
in
e
th
ei
r
ov
er
al
l
si
gn
if
ic
an
ce
.
4O
 REMEDIAL MEASURES
Al
l
of
th
e
in
pu
ts
me
as
ur
ed
in
th
e
st
ud
y
ar
ea
wi
th
th
e
po
ss
ib
le
ex
ce
pt
io
n
of
Ca
ar
os
e
fr
om
a
di
ff
us
e
so
ur
ce
.
Th
us
re
me
di
al
me
as
ur
es
ne
ed
to
be
ap
pl
ie
d
ov
er
th
e
wh
ol
e
wa
te
rs
he
d
to
re
du
ce
th
e
ma
ny
sm
al
l
in
pu
ts
.
Su
sp
en
de
d
so
li
ds
we
re
de
ri
ve
d
fr
om
st
re
am
ba
nk
er
os
io
n
an
d
ov
er
la
nd
fl
ow
wh
ic
h
oc
cu
rr
ed
du
ri
ng
th
e
sp
ri
ng
th
aw
wh
en
lo
ca
li
ze
d
fl
oo
di
ng
wa
s
pr
ev
al
en
t
al
on
g
th
e
co
ur
se
of
th
e
cr
ee
k.
So
me
ar
ea
s
wi
th
in
th
e
wa
te
rs
he
d
ap
pe
ar
ed
to
be
mo
re
su
sc
ep
ti
bl
e
to
er
os
io
n
th
an
ot
he
rs
,
e.
g.
th
e
ar
ea
ar
ou
nd
hi
gh
wa
y
3.
Ic
e
fl
ow
du
ri
ng
sp
ri
ng
br
ea
ku
p
ef
fe
ct
iv
el
y
sc
ou
rs
th
e
ch
an
ne
l.
th
us
gr
as
s
co
ve
re
d
wa
te
rw
ay
s
wo
ul
d
no
t
be
su
ff
ic
ie
nt
to
pr
ev
en
t
er
os
io
n
bu
t
ma
y
sl
ow
th
e
ra
te
.
Th
e
st
re
am
ch
an
ne
l
is
no
t
su
ff
ic
ie
nt
to
co
nt
ai
n
th
e
vo
lu
me
of
wa
te
r
le
av
in
g
th
e
wa
te
rs
he
d
du
ri
ng
th
is
pe
ri
od
.
Th
e
mo
st
ef
fe
ct
iv
e
me
an
s
of
re
du
ci
ng
th
e
su
sp
en
de
d
so
li
ds
lo
ad
wo
ul
d
be
to
wi
de
n
th
e
st
re
am
ch
an
ne
l
to
co
nt
ai
n
th
e
ma
xi
mu
m
am
ou
nt
of
fl
ow
an
d
to
co
nc
re
te
th
e
wa
te
rw
ay
bu
t
th
is
ma
y
no
t
be
ec
on
om
ic
al
ly
fe
as
ib
le
.
Su
sp
en
de
d
so
li
ds
de
ri
ve
d
fr
om
fi
el
d
ru
no
ff
ma
y
be
re
du
ce
d
by
en
co
ur
ag
in
g
mo
re
e
xt
e
n
s
i
ve
c
o
n
t
o
ur
p
r
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i
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c
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e
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c
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p
l
i
c
a
t
i
o
n
)
w
a
s
l
o
s
t
t
o
t
h
e
c
r
e
e
k
.
A
l
a
r
g
e
a
m
o
u
n
t
o
f
P
o
r
i
g
i
n
a
t
e
d
o
n
t
h
e
 
  
    
  
   
   
  
 
  
   
  
    
   
   
  
  
  
   
  
  
  
   
  
  
    
     
  
tr
ib
ut
ar
y
wh
ic
h
ha
d
a
hi
gh
ho
us
in
g
de
ns
it
y
(3
3
ho
us
es
/k
mz
).
Th
er
e
ex
is
ts
a
ne
ed
to
be
tt
er
qu
an
ti
fy
th
e
co
nt
ri
bu
ti
on
of
P
fr
om
ru
ra
l
ho
us
in
g
se
pt
ic
sy
st
em
s
si
nc
e
es
ti
ma
te
s
fr
om
th
is
st
ud
y
su
gg
es
ts
th
ey
ma
y
be
si
gn
if
ic
an
t.
Th
e
us
e
of
sl
ow
re
le
as
e
ph
os
ph
at
e
fe
rt
il
iz
er
s
an
d
ap
pl
ic
at
io
ns
ba
se
d
on
so
il
te
st
re
su
lt
s.
cr
op
gr
ow
th
.
an
d
de
ve
lo
p-
me
nt
ma
y
re
du
ce
P0
—P
lo
ss
fr
om
ag
ri
cu
lt
ur
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1—2
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1-5
APPENDIX I
SITE SAMPLING DATES AND PARAMETER CONCENTRATIONS
Sam
pli
ng
Dat
e,
dis
cha
rge
, a
nd
con
cen
tra
tio
n o
f s
ele
cte
d p
ara
met
ers
at
the
sit
e d
own
str
eam
of
hig
hwa
y 3
on
Hil
lma
n C
ree
k,
197
5-1
976
Sam
pli
ng
dat
e,
dis
cha
rge
, a
nd
con
cen
tra
tio
n o
f s
ele
cte
d p
ara
met
ers
at
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sit
e u
pst
rea
m o
f h
igh
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3 o
n H
ill
man
Cre
ek,
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5—1
976
,
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pli
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dis
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, a
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y 7
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5—1
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rge
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cte
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77
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Hil
lma
n C
ree
k,
197
5-1
976
Sam
pli
ng
dat
e,
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cha
rge
and
con
cen
tra
tio
n o
f s
ele
cte
d p
ara
met
ers
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the
Hil
lma
n C
ree
k t
rib
uta
ry
bet
wee
n h
igh
way
s 3
and
77,
197
5—1
976
45
  
  
Table I—l. Sampling date, discharge and concentration of selected parameters at the site downstream of
highway 3 on Hillman Creek, 1975-1976.
Date Discharge SS-l’fotal—N N03—N Total-P Part-P DU-Pg/ P04—P Ca Mg Na K Cu Zn Fe
m3/sec. --------- —-—— ------- --------------mg/l-—---------- ---------- — -—--ug/l—-- --------
11/4 0.
090
7
17/4 0.050 10
21/4 0.070
1
29/4 0.064 6
7/5 0.040 5
14/5 0.030 15
20/5 0.040 24
27/5 0.052 59
2/6 0.052 17
6/6 0.1
00 5
3
13/6 0.070 15
17/6 0.090 26
25/6 0.130 40
27/6 0.
052
2
21/7 0.
030
2
5/8 0.0
30
9
26/8 0.021 42
0.052 0.007 0.
029 0.023 118
16 12
0.062 0.027 0.
000 0.043 119
16* 12
0.084 0.000 0.
071 0.061 118
16 12
0.118 0.018 0.
012 0.088 112
15 12
0.135 0.038 0.
082 0.015 115
16 13
0.188 0.093 0.009 0.086 120 15 12
0.292 0.079 0.
115 0.098 121
15 12
0.212 0.058 0.000 0.175 124 15 12
0.215 0.028 0.009 0.178 124 14 21
0.715 0.275 0.040 0.400 124 16 11
0.240 0.044 0.015 0.081 124 15 11
0.325 0.149 0.
051 0.125 123
16 10
0.300 0.076 0.
066 0.158 100
14 14
0.335 0
.183 0.0
34 0.118
114 14
13
0.328. 0.035 0.
087 0.206 97
12 16
0.204 0.057 0.
038 0.109 102
12 11
0.288 0.110 0.031 0.157 118 15 12
5 9 155
4 16 145
7
7 9
7
10 15 136
1
5
19
ooo
9
136
88 262
8 10 453
11 19 571
17
232
14 24 680
11 11 291
7 11 389
10 11 320
12 7 117
10 11 135
4 6 245
16 20 630
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Table I—1 (Continued)
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 Tabie I-2. Sampiing date, discharge and concentration of selected parameters at the site upstream of
highway 3 on Hi11man Creek, 1975-1976.
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Table I-3. (continued)
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